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(57) Disclosed are CMP conditioners which can 
suppress microscratching of the surface of a semicon- 
ductor substrate and can realize stable CMP conditioner 
properties. The CMP conditioner according to the first 
aspect of the present invention comprises a support 
member and a plurality of hard abrasive grains provided 
on a surface of the support member, wherein the plural- 
ity of hard abrasive grains are regularly arranged on the 
surface of the support member. The CMP conditioner 
according to the second aspect of the present invention 
comprises a support member and a plurality of hard 
abrasive grains provided on the surface of the support 
member, wherein the plurality of hard abrasive grains 
are arranged on the surface of the support member reg- 
ularly and so as for the density of the hard abrasive 
grains to decrease from the inner side of the support 
member toward the outer side of the support member. 
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Description 

[BACKGROUND OF THE INVENTION] 
Field of the Invention 

[0001] The present invention relates to a CMP condi- 
tioner for repairing loading of an polishing pad for a sem- 
iconductor substrate and for removing materials which 
have caused loading of the polishing pad, a method for 
arranging hard abrasive grains for use in a CMP condi- 
tioner, and a process for producing a CMP conditioner. 
The CMP conditioner is also called "CMP dresser" in the 
art. 

Background Art 

[0002] A polishing method called "CMP (chemical me- 
chanical polishing)" has been proposed for polishing 
wafers. In CMP, chemical polishing action is superim- 
posed on mechanical polishing action to realize a com- 
bination of ensuring of satisfactory removal rate with a 
defect-free polished object, and CMP has widely been 
used in the step of finish polishing a silicon wafer. 
[0003] Further, in recent years, an increase in integra- 
tion density of devices has led to the necessity of pol- 
ishing the surface of a wafer or the surface of a semi- 
conductor substrate, comprising an electric conductor/ 
dielectric layer formed on a surface of a wafer, in a pre- 
determined stage for the production of an integrated cir- 
cuit. The semiconductor substrate is polished to remove 
surface defects such as high projections, scratches, and 
roughness. In general, this step is carried out during the 
formation of various elements and integrated circuits on 
a wafer. In this polishing step, as with the step of finish 
polishing a silicon wafer, a combination of a removal rate 
requirement with a defect-free requirement should be 
met. The introduction of chemical slurry can realize 
chemical and mechanical flattening of the surface of a 
semiconductor with higher polishing/removing speed 
and a defect-free state. 

[0004] An example of the CMP step (process) is 
shown in Fig. 8. In this example, a chemical slurry 101 
prepared by suspending, for example, silica particles 
having a diameter of about 5 to 300 nm in a solution of 
an alkali, such as caustic soda, ammonia, or amine, to 
prepare a slurry having a pH value of about 9 to 12 and 
an polishing pad 102 formed of a polyurethane resin or 
the like are used. At the time of polishing, a semicon- 
ductor substrate 103 is abutted against the polishing 
pad 102 by applying a suitable pressure while allowing 
the chemical slurry 101 to flow and spread on the pol- 
ishing pad 102, and the semiconductor substrate 103 
and the polishing pad 102 are rotated relatively to each 
other as indicated by arrows in the drawing. 
[0005] The polishing pad 102 is conditioned (dressed) 
with a CMP conditioner while allowing water or the 
chemical slurry 101 to flow on the polishing pad 102 to 



repair loading of the polishing pad 102 and to remove 
materials which have caused the loading of the polishing 
pad 1 02. The conditioning with a CMP conditioner is car- 
ried out, either after the completion of polishing of the 

5 semiconductor substrate 103, by abutting the CMP con- 
ditioner against the polishing pad 1 02, or, simultaneous- 
ly with the start of polishing of the semiconductor sub- 
strate 1 03, by abutting the CMP conditioner against the 
polishing pad 102 at its position different from the posi- 

10 tion where the semiconductor substrate 103 is abutted 
against the polishing pad 102. 

[0006] in the CMP conditioner used in the convention- 
al conditioning (brushing) of the polishing pad, as shown 
in Fig. 9, diamond grains 202 as hard abrasive grains 

15 are evenly distributed, for example, by manually spread- 
ing the diamond grains 202 over the surface of a disk- 
shaped support member 201 and then fixing the dia- 
mond grains 202 onto the support member 201 . 
[0007] In this case, however, whatever the diamond 

20 grains 202 are spread carefully, the distribution of the 
diamond grains 202 is disadvantageously such that the 
diamond grains 202 are sparsely present in some por- 
tion and are densely present in another portion. When 
this conditioner with uneven distribution of the diamond 

25 grains 202 is used, abrasive grains contained in the 
chemical slurry are disadvantageously likely to aggre- 
gate in a portion where the diamond grains 202 are 
densely present. This poses a severe problem that the 
aggregate of the abrasive grains is adhered to the pol- 

30 ishing pad (102 in Fig. 8), and, consequently, micro- 
scratches the semiconductor substrate (103 in Fig. 8). 
Further, uneven distribution of the diamond grains 202 
is causative of a difference between conditioners and 
hinders the development of stable conditioner proper- 

35 ties. 

[0008] Further, in the conventional CMP conditioner, 
since the slurry cannot be smoothly escaped, significant 
microscratching occurs. In order to improve the escape 
of the slurry, as shown in Fig. 14, for example, escape 

^o grooves 203 for escaping the chemical slurry 101 are 
provided in the support member 201 . in this case, at the 
time of polishing, the chemical slurry 101 is escaped 
through the escape grooves 203. The formation of the 
escape grooves 203 in the support member 201 , how- 

45 ever, has a fear of adversely affecting CMP conditioner 
properties. Further, the formation of the escape grooves 
requires labor anda lot of time. This incurs increased 
cost. 

50 [SUMMARY OF THE INVENTION] 

[0009] In view of the above, the present invention has 
been made, and, in the first aspect of the present inven- 
tion, an object is to suppress microscratching on the sur- 
55 face of a semiconductor substrate and, at the same 
time, to provide stable CMP conditioner properties. 
[0010] According to the first aspect of the present in- 
vention, there is provided a CMP conditioner compris- 



2 



3 



EP 1 346 797 A1 



4 



ing: a support member; and a plurality of hard abrasive 
grains provided on a surface of the support member, 
characterized in that said plurality of hard abrasive 
grains are regularly arranged on the surface of the sup- 
port member. 

[001 1] Another characteristic feature of the CMP con- 
ditioner according to the first aspect of the present in- 
vention is that said hard abrasive grains are arranged 
at respective lattice points of a unit lattice formed of a 
square on the surface of the support member. 
[0012] A further characteristic featureof the CMP con- 
ditioner according to the first aspect of the present in- 
vention is that said hard abrasive grains are arranged 
at respective lattice points of a unit lattice formed of a 
regular triangle on the surface of the support member. 
[001 3] Another CMP conditioner according to the first 
aspect of the present invention comprises; a support 
member; and a plurality of hard abrasive grains provided 
on a surface of the support member, characterized in 
that the variation in density of the hard abrasive grains 
among regions having a given area where said hard 
abrasive grains are present is within ±50%. 
[0014] Another characteristic feature of the CMP con- 
ditioner according to the first aspect of the present in- 
vention is that said hard abrasive grains are diamond 
grains. 

[0015] A further characteristic feature of the CMP con- 
ditioner according to the first aspect of the present in- 
vention is that said diamond grains have been brazed 
in a single layer to said support member, formed of a 
metal and/or an alloy, with an alloy containing 0.5 to 20% 
by weight of at least one member selected from the 
group consisting of titanium, chromium, and zirconium 
and having a melting point of 650°C to 1 ,200°C to form 
a layer of a carbide of a metal selected from the group 
consisting of titanium, chromium, and zirconium at the 
interface between the diamond grains and the alloy. 
[0016] A method for arranging hard abrasive grains 
for use in the CMP conditioner according to the first as- 
pect of the present invention is characterized by com- 
prising the steps of: positioning an arranging member in 
a thin plate form, provided with a plurality of regularly 
arranged through-holes, on an abrasive grain arrange- 
ment surface; and placing a hard abrasive grain in each 
through-hole of the arranging member. 
[0017] Another characteristic feature of the method 
for arranging hard abrasive grains for use in the CMP 
conditioner according to the first aspect of the present 
invention is that the abrasive grain arrangement surface 
is a surface of a support member for constituting the 
CMP conditioner. 

[0018] Another method for arranging hard abrasive 
grains for use in the another CMP conditioner according 
to the first aspect of the present invention is character- 
ized by comprising the steps of: holding a plurality of 
hard abrasive grains, in a regularly arranged state, on 
a holding member; and transferring the hard abrasive 
grains held on the holding member onto the surface of 



a support member for constituting the CMP conditioner. 
[0019] Another characteristic feature of the method 
for arranging hard abrasive grains for use in the another 
CMP conditioner according to the first aspect of the 
5 present invention is that said holding member has first 
bonding means for holding the hard abrasive grains and 
said support member has on its surface second bonding 
means which is different from said first bonding means 
in properties. 

10 [0020] A process for producing the CMP conditioner 
according to the first aspect of the present invention is 
characterized by comprising the steps of : utilizing the 
method for arranging hard abrasive grains for use in the 
above CMP conditioner to arrange the hard abrasive 
15 grains on the surface of the support member; and then 
fixing the hard abrasive grains on the surface of the sup- 
port member. 

[0021] According to the first aspect of the present in- 
vention as described above, the problem of uneven dis- 
tribution of hard abrasive grains can be solved. There- 
fore, the CMP conditioner does not lead to a fear that 
abrasive grains contained in the slurry aggregate in the 
dresser in its portion where hard abrasive grains are 
densely present. 

[0022] In the second aspect of the present invention, 
an object is to provide stable CMP conditioner proper- 
ties and, at the same time, to enable the escape of the 
slurry or the like at the time of polishing without forming 
escape grooves or the like, and to reduce microscratch- 
ing. 

[0023] According to the second aspect of the present 
invention, there is provided a CMP conditioner compris- 
ing: a support member; and a plurality of hard abrasive 
grains provided on the surface of the support member, 
characterized in that said plurality of hard abrasive 
grains are arranged on the surface of the support mem- 
ber regularly and so as for the density of the hard abra- 
sive grains to decrease from the inner side of the support 
member toward the outer side of the support member. 
[0024] Another CMP conditioner according to the sec- 
ond aspect of the present invention comprises: a sup- 
port member; and a plurality of hard abrasive grains pro- 
vided on a surface of said support member, character- 
ized in that regions, where said plurality of hard abrasive 
grains are absent, are provided substantially radially on 
the surface of the support member. 
[0025] A method for arranging hard abrasive grains 
for use in the CMP conditioner according to the second 
aspect of the present invention is characterized by com- 
prising the steps of: positioning an arranging member in 
a thin plate form, provided with a plurality of through- 
holes arranged regularly and so as for the density of the 
through-holes to decrease from the inner side toward 
the outer side of the arranging member, on an abrasive 
grain arrangement surface; and placing a hard abrasive 
grain in each through-hole of the arranging member. 
[0026] Another method for arranging hard abrasive 
grains for use in the CMP conditioner according to the 
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second aspect of the present invention is characterized 
by comprising the steps of: positioning an arranging 
member in a thin plate form, in which regions free from 
a piuraiity of through-holes are provided substantially ra- 
dially, on an abrasive grain arrangement surface; and 5 
placing a hard abrasive grain in each through-hole of 
the arranging member. 

[0027] Still another method for arranging hard abra- 
sive grains for use in the CMP conditioner according to 
the second aspect of the present invention is character- 10 
ized by comprising the steps of: holding a plurality of 
hard abrasive grains, on a holding member, in such a 
state that the hard abrasive grains are arranged regu- 
larly and so as for the density of said hard abrasive 
grains to decrease from the inner side toward the outer 15 
side of the holding member; and transferring the hard 
abrasive grains held on the holding member onto the 
surface of a support member for constituting the CMP 
conditioner. 

[0028] A further method for arranging hard abrasive 20 
grains for use in the CMP conditioner according to the 
second aspect of the present invention is characterized 
by comprising the steps of: holding a plurality of hard 
abrasive grains, on a holding member, in such a state 
that regions free from said piuraiity of hard abrasive 25 
grains are provided substantially radially; and transfer- 
ring the hard abrasive grains held on the holding mem- 
ber onto the surface of a support member for constitut- 
ing the CMP conditioner. 

[0029] A process for producing the CMP conditioner 30 
according to the second aspect of the present invention 
is characterized by comprising the steps of: utilizing the 
method for arranging hard abrasive grains for use in the 
above CMP conditioner to arrange the hard abrasive 
grains on the surface of the support member; and then 35 
fixing the hard abrasive grains on the surface of the sup- 
port member. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

40 

[0030] 

Fig. 1 is an explanatory view of a CMP conditioner 
according to the first aspect of the present inven- 
tion; 45 
Fig. 2 is a diagram showing one embodiment of the 
arrangement of diamond grains 2 according to the 
first aspect of the present invention; 
Fig. 3 is a diagram showing one embodiment of the 
arrangement of diamond grains 2 according to the so 
first aspect of the present invention; 
Fig. 4 is a diagram illustrating a first method for ar- 
ranging diamond grains 2 in the first aspect of the 
present invention; 

Fig. 5 is a diagram illustrating an arranging plate 5 55 
according to the first aspect of the present inven- 
tion; 

Figs. 6A and 6B are diagrams illustrating a second 



method for arranging diamond grains 2 in the first 
aspect of the present invention, wherein Fig. 6A 
shows spreading of diamond grains 2 over the ar- 
ranging plate 7 and Fig. 6B shows such a state that 
a pressure-sensitive adhesive sheet 10 has been 
separated from the arranging plate 7; 
Fig. 7 is a diagram illustrating the second method 
for arranging diamond grains 2 in the first aspect of 
the present invention; 
Fig. 8 is a diagram illustrating a CMP step; 
Fig. 9 is a diagram illustrating a conventional CMP 
conditioner; 

Fig. 10 is an explanatory view of a CMP conditioner 
according to the second aspect of the present in- 
vention; 

Fig. 11 is a diagram showing one embodiment of 
the arrangement of diamond grains 12 according to 
the second aspect of the present invention; 
Fig. 12 is a diagram showing one embodiment of 
the arrangement of diamond grains 12 according to 
the second aspect of the present invention; 
Fig. 13 is a diagram illustrating an arranging plate 
15 according to the second aspect of the present 
invention; and 

Fig. 14 is a typical diagram showing a CMP condi- 
tioner provided with escape grooves 203. 

[DETAILED DESCRIPTION OF THE INVENTION] 

CMP conditioner according to first aspect of the 
invention 

[0031] Embodiments of the CMP conditioner for an 
polishing pad for a semiconductor substrate, the method 
for arranging hard abrasive grains for use in a CMP con- 
ditioner for an polishing pad for a semiconductor sub- 
strate, and the process for producing a CMP conditioner 
according to the first aspect of the present invention will 
be described with reference to the accompanying draw- 
ings. 

[0032] The CMP conditioner will be first described in 
conjunction with Fig. 1. As shown in Fig. 1, diamond 
grains 2 as hard abrasive grains are fixed onto a surface 
of a disk-shaped support member 1 formed of a stain- 
less steel or the like. The appearance of the CMP con- 
ditioner shown in Fig. 1 is a mere example. Diamond 
grains 2 may not be always present over the whole sur- 
face of the support member 1 . Escape grooves for es- 
caping a chemical slurry may be formed, for example, 
on the surface of the support member 1 . 
[0033] Figs. 2 and 3 are enlarged views of the surface 
of the support member 1 , illustrating the arrangement of 
diamond grains 2. In Fig. 2, diamond grains 2 are ar- 
ranged in a check pattern. A diamond grain 2 is placed 
on each lattice point of a square unit lattice A on the 
surface of the support member 1 . More specifically, it is 
assumed that, as indicated by alternate long and short 
dash lines in Fig. 2, a first group of straight lines L,, 
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which are arranged parallel to one another at given in- 
tervals, and a second group of straight lines L 2 (horizon- 
tal lines in Fig. 2), which are arranged parallel to one 
another at given intervals and intersect the first group 
of straight lines L 1 at 90 degrees, are provided. Diamond 
grains 2 are placed on points of intersection of the first 
group of straight lines L 1 and the second group of 
straight lines L 2 , 

[0034] In Fig. 3, diamond grains 2 are arranged in a 
honeycomb form. On the surface of the support member 
1 , a diamond grain 2 is placed on each lattice point of a 
unit lattice B of an equilateral triangle. More specifically, 
it is assumed that, as indicated by alternate long and 
short dash lines in Fig. 3, a third group of straight lines 
L 3 , which are arranged parallel to one another at given 
intervals, and a fourth group of straight lines L 4 , which 
are arranged parallel to one another at given intervals 
and intersect the third group of straight lines L 3 at 120 
degrees, are provided. Diamond grains 2 are placed on 
points of intersection of the third group of straight lines 
L 3 and the fourth group of straight lines L 4 . 
[0035] In the arrangement shown in Fig. 2, the dis- 
tance from a certain diamond grain 2 to each of four dia- 
mond grains 2 adjacent vertically and horizontally to the 
certain diamond grain 2 is r, and the distance of the cer- 
tain diamond grain 2 to each of four diamond grains ad- 
jacent diagonally to the certain diamond grain is (Jl )r. 
[0036] On the other hand, in the arrangement shown 
in Fig. 3, all of six adjacent diamond grains 2 are equi- 
distant from a certain diamond grain 2, that is, the dis- 
tance of a certain diamond grain 2 to each of the six 
adjacent diamond grains 2 is r. Therefore, in the strict 
sense of the word, the distribution of diamond grains 2 
in the arrangement shown in Fig. 3 is more homogene- 
ous than the distribution of diamond grains 2 in the ar- 
rangement shown in Fig. 2. Therefore, the arrangement 
shown in Fig. 3 can provide superior CMP conditioner 
properties. 

[0037] The method for arranging diamond grains 2 ac- 
cording to the second aspect of the present invention 
will be described with reference to Figs. 4 to 7. In em- 
bodiments shown in Figs. 4 to 7, diamond grains 2 are 
arranged by the following two methods. 
[0038] In the first method, as shown in Fig. 4, an ad- 
hesive 4 is previously coated onto a surface of a support 
member 1 provided with a brazing material 3. An arrang- 
ing plate 5 is mounted on the support member 1 in its 
surface coated with the adhesive 4 to perform masking. 
[0039] As shown in Fig. 5, through-holes 6 for arrang- 
ing diamond grains 2 are provided in the arranging plate 

5 . Specifically, in the arranging plate 5, through-holes 

6 are arranged in a form identical to the arrangement 
shown in Fig. 2 or 3. The relationship between the di- 
ameter X of the through-holes 6 and the size D of the 
diamond grains 2 satisfies a requirement represented 
by formula 1 .0D < X < 2.0D. Satisfying this relationship 
can prevent a plurality of diamond grains 2 from simul- 
taneously entering one through-hole 6. A scattering pre- 



ventive wall 5a is provided on the circumference of the 
arranging plate 5. 

[0040] As shown in Fig. 4, in such a state that the ar- 
ranging plate 5 is mounted on the surface of the support 

5 member 1, diamond grains 2 are spread over the ar- 
ranging plate 5. At that time, for example, suitable vibra- 
tion is applied to the arranging plate 5 so that the dia- 
mond grains 2 enter all the through-holes 6. When the 
diamond grains 2 have entered all the through-holes 6, 

10 excess diamond grains 2 present on the arranging plate 
5 are removed, for example, by a brush. Thereafter, the 
arranging plate 5 is removed from the surface of the sup- 
port member 1 to leave the diamond grains 2 arranged 
on the surface of the support member 1 as shown in Fig. 

15 2 or 3. 

[0041] After the diamond grains 2 have been ar- 
ranged on the surface of the support member 1 by the 
above method, brazing in a single layer is carried out to 
fix the diamond grains 2. In this brazing, the adhesive 4 
20 coated onto the surface of the support member 1 is sub- 
limated upon heating of the brazing material 3 and thus 
does not stay on the surface of the support member 1 . 
[0042] In the first method, a mesh woven out of wire 
may be used instead of the arranging plate 5. Specifi- 
cs cally, individual openings of the mesh are used as the 
through-holes 6 referred to in the arranging plate 5, and 
diamond grains 2 are put into the openings to arrange 
the diamond grains on the surface of the support mem- 
ber 1. 

30 [0043] In the second method, unlike the first method 
wherein the diamond grains 2 are arranged directly on 
the surface of the support member 1, diamond grains 
are once arranged on a holding member, such as a pres- 
sure-sensitive adhesive sheet, and the arranged dia- 

35 rnond grains are then transferred onto the surface of the 
support member 1. 

[0044] In the second method, as shown in Fig. 6A, 
concaves 8 for arranging diamond grains 2 are provided 
in an arranging plate 7 so as to conform to the arrange- 

40 ment shown in Fig. 2 or 3. In the concaves 8 in the sec- 
ond method, as with the through-holes 6 in the first 
method, the relationship between the diameter X of con- 
caves 8 and the size D of the diamond grains 2 satisfies 
a requirement represented by formula 1 .0D < X < 2.0D. 

45 [0045] Diamond grains 2 are spread over the arrang- 
ing plate 7. At that time, as described above in connec- 
tion with the first method, for example, suitable vibration 
is applied to the arranging plate 7 so that the diamond 
grains 2 enter all the concaves 8. When the diamond 

so grains 2 have entered all the concaves 8, excess dia- 
mond grains 2 present on the arranging plate 7 are re- 
moved, for example, by a brush 9. 
[0046] A pressure-sensitive adhesive sheet 10 is then 
applied onto the surface of the arranging plate 7 on its 

55 concave 8 side. Next, as shown in Fig. 6B, the pressure- 
sensitive adhesive sheet 10 is separated, for example, 
by turning the arranging plate 7 upside down, whereby 
the diamond grains 2 are arranged and held on the pres- 
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sure-sensitive adhesive sheet 10. 
[0047] Thereafter, the pressure-sensitive adhesive 
sheet 10 with the diamond grains 2 heid thereon is ap- 
plied onto the surface of the support member 1 coated 
with an adhesive 4 so that the diamond-holding pres- 
sure-sensitive adhesive surface of the pressure-sensi- 
tive adhesive sheet 10 comes into contact with the ad- 
hesive 4. Therefore, as shown in Fig. 7, one end of each 
diamond grain 2 is supported on the pressure-sensitive 
adhesive sheet 10 side, and the other end of each dia- 
mond grain 2 is supported on the surface side of the 
support member 1 . Thereafter, only the pressure-sensi- 
tive adhesive sheet 10 is removed while allowing the 
diamond grains 2 to stay on the surface side of the sup- 
port member 1. Thus, the diamond grains 2 can be ar- 
ranged on the surface of the support member 1 . 
[0048] The removal of only the pressure-sensitive ad- 
hesive sheet 10 can be achieved, for example, by pro- 
viding a difference in solubility between the adhesive in 
the pressure-sensitive adhesive sheet 1 0 and the adhe- 
sive 4 on the support member 1 side. In this case, in the 
state shown in Fig. 7, when the assembly is placed in 
an environment where the adhesive in the pressure- 
sensitive adhesive sheet 10 is dissolved, while main- 
taining the holding power of the adhesive 4 on the sup- 
port member 1 side, only the adhesive in the pressure- 
sensitive adhesive sheet 10 can be dissolved to remove 
only the pressure-sensitive adhesive sheet 10. 
[0049] After the diamond grains 2 have been ar- 
ranged on the surface of the support member 1 by the 
above method, brazing in a single layer is carried out to 
fix the diamond grains 2. In this brazing, the adhesive 4 
coated onto the surface of the support member 1 is sub- 
limated upon heating of the brazing material 3 and thus 
does not stay on the surface of the support member 1. 
[0050] In the second method, concaves 8 are provid- 
ed in the arranging plate 7. Alternatively, through-holes 
may be provided instead of the concaves 8. In this case, 
when the support member 1 shown in Fig. 4 is changed 
to a pressure-sensitive adhesive sheet 10, diamond 
grains can be arranged on the pressure-sensitive adhe- 
sive sheet 10. Therefore, the diamond grains arranged 
on the surface of the pressure-sensitive adhesive sheet 
1 0 can be then transferred onto the surface of the sup- 
port member 1 . 

[0051] According to the above embodiments of the 
present invention, since the diamond grains are regu- 
larly arranged, the distribution of the diamond grains is 
even. The use of the CMP conditioners according to the 
above embodiments does not cause such an unfavora- 
ble phenomenon that abrasive grains contained in a 
slurry aggregate in a portion where diamond grains are 
densely present. Therefore, microscratching of the sur- 
face of the semiconductor substrate can be minimized. 
Further, since the difference in properties among CMP 
conditioners can be eliminated, stable CMP conditioner 
properties can be provided. 

[0052] In the above embodiments, diamond grains 



have been arranged as shown in Figs. 2 and 3. Howev- 
er, the arrangement of diamond grains is not limited to 
that shown in Figs. 2 and 3, and arrangements other 
than those shown in Figs. 2 and 3 may be adopted so 

5 far as the distribution of diamond grains is even . In this 
case, for example, a certain limitation on the density of 
diamond grains is provided. For example, on the surface 
of the support member 1 , in areas where diamond grains 
2 are present, a variation in density of diamond grains 

10 2 among regions having a given area where several to 
several tens of diamond grains 2 on average, for exam- 
ple, 20 diamond grains 2, are present, is limited to within 
±50%. 

[0053] In the above embodiments of the present in- 
15 vention, diamond grains 2 have been used as the hard 
abrasive grains. Alternatively, other materials, for exam- 
ple, cubic boron nitride, boron carbide, silicon carbide, 
or aluminum oxide may be used as the hard abrasive 
grains. 

20 [0054] In addition to brazing, for example, elec- 
trodeposition of nickel may be used for fixation of the 
diamond grains 2 onto the support member 1. 
[0055] Fixation of the diamond grains by brazing will 
be described as a suitable one example of the method 

25 for the fixation of the diamond grains. An alloy containing 
0.5 to 20% by weight of at least one member selected 
from titanium, chromium, and zirconium and having a 
melting point of 650°C to 1,200°C is preferably used as 
a brazing material. In this case, a carbide layer of this 

30 metal is formed at the interface between the diamond 
grains and the brazing alloy. The reason why the content 
of at least one member selected from titanium, chromi- 
um, and zirconium contained in the alloy as the brazing 
material is preferably 0.5 to 20% by weight is as follows. 

35 When the content of the metal is less than 0.5% by 
weight, the carbide layer of the metal is not formed at 
the interface between the diamond and the brazing al- 
loy. On the other hand, when the content of the metal is 
20% by weight, a carbide layer having satisfactory bond- 

40 ing strength can be formed. 

[0056] The reason why the melting point of the braz- 
ing alloy is preferably 650°C to 1,200°C is that, when 
the brazing temperature is below 650°C, bonding 
strength cannot be ensured while, when the brazing 

45 temperature is above 1,200°C, the diamond is disad- 
vantageously deteriorated. 

[0057] The thickness of the brazing alloy is preferably 
0.2 to 1.5 times that of the diamond grains . When the 
thickness of the brazing alloy is below the above lower 

50 limit value, the bonding strength between the diamond 
and the brazing alloy is lowered. On the other hand, 
when the thickness of the brazing alloy is above the up- 
per limit of the above-defined range, the separation be- 
tween the brazing material and the support member is 

55 likely to take place. 

[0058] The diameter of the diamond grains is prefer- 
ably in the range of 50 prn to 300 p,m. Fine diamond 
grains having a diameter of less than 50 fim do not pro- 
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vide satisfactory polishing rate, are likely to aggregate, 
and are likely to come off from the support member. On 
the other hand, coarse diamond grains having a diam- 
eter of more than 300 jxm cause large stress concentra- 
tion at the time of polishing and are likely to come off 
from the support member. 

[0059] As described above, according to the first em- 
bodiment of the present invention, the use of the CMP 
conditioner does not have any fear of abrasive grains 
contained in the slurry being aggregated in CMP condi- 
tioner in its portion where hard abrasive grains are 
densely present. As a result, microscratching of the sur- 
face of the semiconductor substrate can be minimized. 
Further, the difference in properties among CMP condi- 
tioners can be eliminated, and, thus, stable CMP condi- 
tioner properties can be achieved. Therefore, stable 
CMP mass production process can be realized. 

CMP conditioner according to second aspect of the 
invention 

[0060] Embodiments of the CMP conditioner for an 
polishing pad for a semiconductor substrate according 
to the second aspect of the present invention will be ex- 
plained with reference to the accompanying drawings. 
For the method for arranging hard abrasive grains used 
in the CMP conditioner for an polishing pad for a semi- 
conductor substrate, and the production of the CMP 
conditioner in this aspect of the present invention may 
be the same as the first and second methods in the first 
aspect of the present invention, except that an arranging 
plate 1 5 shown in Fig. 1 3 is used instead of the arranging 
plate 5 shown in Fig. 5. Therefore, except for this point, 
the above description in connection with the first aspect 
of the present invention is applied to the second aspect 
of the present invention. 

[0061] The CMP conditioner according to the second 
aspect of the present invention will be described with 
reference to Fig. 10. As shown in Fig. 10, diamond 
grains 12 have been fixed as hard abrasive grains onto 
a surface of a disk-shaped support member 11 formed 
of a stainless steel or the like. 

[0062] Figs. 11 and 12 are schematic diagrams show- 
ing the arrangement of diamond grains 12 on the sur- 
face of the support member 11. In the embodiment 
shown in Fig. 11, assuming that a plurality of straight 
lines (alternate long and short dash lines L) extended 
radially from the center of the disk-shaped support 
member 11 are provided, diamond grains 12 are provid- 
ed on these straight lines. In this CMP conditioner, dia- 
mond grains 1 2 are arranged so that the density of dia- 
mond grains 12 decreases from the inner side of the 
support member 11 toward the outer side of the support 
member 11. Regions, where the diamond grains 12 are 
absent, are ensured radially on the surface of the sup- 
port member 11. 

[0063] On the other hand, in the embodiment shown 
in Fig. 12, assuming that a plurality of curved lines (al- 



ternate long and short dash lines L) extended radially 
from the center of the disk-shaped support member 11 
are provided, diamond grains 12 are provided on these 
curved lines. In this CMP conditioner, diamond grains 
5 12 are arranged so that the density of diamond grains 
1 2 decreases from the inner side of the support member 
1 1 toward the outer side of the support member 1 1 . Re- 
gions, where the diamond grains 12 are absent, are en- 
sured radially on the surface of the support member 1 1 . 
10 The term "substantially radially" referred to in the 
present invention is applied to the embodiment shown 
in Fig. 11 wherein the diamond grains are arranged ra- 
dially in a straight line form, as well as in the embodiment 
shown in Fig. 1 2 wherein the diamond grains 1 2 are pro- 
15 vided radially in a curved line form. 

[0064] The size of actual diamond grains 12 is much 
smaller than that of the support member 1 1 . In Fig. 1 0 
and Figs. 11 and 12 which will be described later, how- 
ever, diamond grains 12 are shown in a larger size than 

20 the size of actual diamond grains for simplified explana- 
tion. Further, the number of straight lines and the 
number of curved lines are actually provided radially in 
a denser state. In Figs. 11 and 12, however, the number 
of straight lines and the number of curved lines are 

25 shown in a simplified form. 

[0065] In the second aspect of the present invention, 
the arrangement of the diamond grains 12 and the pro- 
duction of the CMP conditioner may be carried out as in 
the first and second methods described above in con- 

30 nection with the first aspect of the present invention , ex- 
cept that an arranging plate 15 shown in Fig. 13 is used 
instead of the arranging plate 5 shown in Fig. 5. As 
shown in Fig. 13, through-holes 16 for arranging dia- 
mond grains 12 are provided in the arranging plate 15. 

35 Specifically, in Fig. 1 3, as with the arrangement shown 
in Figs. 11 and 12, through-holes 16 are arranged in the 
arranging plate 15. The relationship between the diam- 
eter X of the through-holes 16 and the size D of the dia- 
mond grains 12 satisfies a requirement represented by 

^o formula 1.0D<X<2.0D. Satisfying this relationship can 
prevent a plurality of diamond grains 1 2 from simultane- 
ously entering one through-hole 16. A scattering pre- 
ventive wail 15a is provided on the circumference of the 
arranging plate 15. 

45 [0066] As described above, in this embodiment, since 
the diamond grains 12 are regularly arranged, the dif- 
ference in properties among CMP conditioners can be 
eliminated. Therefore, stable CMP conditioner proper- 
ties can be realized. Further, in this embodiment, the 

so diamond grains 12 are arranged substantially radially 
from the center of the support member 11 so that the 
density of the diamond grains decreases from the inner 
side of the support member 11 toward the outer side of 
the support member 11. Furthermore, regions, where 

55 the diamond grains 12 are absent, are ensured radially. 
By virtue of the adoption of this construction, at the time 
of polishing, the slurry can be escaped toward the outer 
side of the support member 11, contributing to reduced 
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microscratching. Further, since the need to apply spe- 
cial working, to the support member 1 1 , for escaping the 
slurry can be eliminated, labor and time and cost for 
working can be reduced. 

[0067] As described above, according to the second 5 
aspect of the present invention, the difference in prop- 
erties among CMP conditioners is eliminated, and sta- 
ble CMP conditioner properties can be provided, There- 
fore, a stable CMP mass-production process can be re- 
alized. Further, since the slurry can be escaped at the 10 
time of polishing, microscratching can be reduced. Fur- 
thermore, since there is no need to apply special work- 
ing, to the supportmember, for escaping the slurry, labor 
and time and cost for working can be reduced. 

15 

[EXAMPLES] 

[0068] The following examples further illustrate but do 
not limit the first aspect of the present invention. 
[0069] Diamond grains having a diameter of 150 to 20 
210 |im were provided. A ferrite stainless steel support 
member was also provided. In order to fix the diamond 
grains to the support member, brazing in a single layer 
was carried out with a brazing metal of Ag-Cu-32r (melt- 
ing point: 800°C) by holding the assembly in a vacuum 25 
of 10" 5 Torr at a brazing temperature of 850°C for 30 
min. Ten CMP conditioners were prepared for each of 
three types, type A (a conventional type where diamond 
grains had been manually spread), type B (arrangement 
in a check form shown in Fig. 2), and type C (arrange- 30 
ment in a honeycomb form shown in Fig. 3). 
[0070] For each CMP conditioner, an experiment on 
polishing was carried out for ten semiconductor wafers 
with a TEOS film. Specifically, for each of types A, B, 
and C, polishing was carried out for 100 wafers. Dress- 35 
ing was carried out for 2 min once for each one polishing . 
[0071] Thereafter, for each type, one polished wafer 
was extracted from every 1 0 polished wafers in 1 00 pol- 
ished wafers . That is, for each type, 10 polished wafers 
in total were extracted from the 1 00 polished wafers. For 40 
the 10 extracted polished wafers for each type, the 
number of microscratches was counted. As a result, 
when the number of microscratches, in the case where 
the CMP conditioner (dresser) of type A was used, was 
presumed to be 1 00, the relative value of the number of 45 
microscratches in the case where the CMP conditioner 
(dresser) of type B was used and the relative value of 
the number of microscratches in the case where the 
CMP conditioner (dresser) of type C was used, were 26 
and 17, respectively. 50 
[0072] These results show that, in the CMP condition- 
ers of types B and C, as compared with the conventional 
CMP conditioner of type A, the number of microscratch- 
es on the surface of the wafer can be significantly re- 
duced. Further, the difference in CMP conditioner prop- 55 
erties among CMP conditioners is so small that a stable 
CMP mass-production process can be realized. 



Claims 

1 . A CMP conditioner comprising: a support member; 
and a plurality of hard abrasive grains provided on 
a surface of the support member, wherein 

said plurality of hard abrasive grains are reg- 
ularly arranged on the surface of the support mem- 
ber. 

2. The CMP conditioner according to claim 1 , wherein 
said hard abrasive grains are arranged at respec- 
tive lattice points of a unit lattice formed of a square 
on the surface of the support member. 

3. The CMP conditioner according to claim 1 , wherein 
said hard abrasive grains are arranged at respec- 
tive lattice points of a unit lattice formed of a regular 
triangle on the surface of the support member. 

4. A CMP conditioner comprising: a support member; 
and a plurality of hard abrasive grains provided on 
a surface of the support member, wherein 

the variation in density of the hard abrasive 
grains among regions having a given area where 
said hard abrasive grains are present is within 
±50%. 

5. The CMP conditioner according to any one of 
claims 1 to 4, wherein said hard abrasive grains are 
diamond grains. 

6. The CMP conditioner according to claim 5, wherein 
said diamond grains have been brazed in a single 
layer to said support member, formed of a metal 
and/or an alloy, with an alloy containing 0.5 to 20% 
by weight of at least one member selected from the 
group consisting of titanium, chromium, and zirco- 
nium and having a melting point of 650°C to 
1,200°C to form a layer of a carbide of a metal se- 
lected from the group consisting of titanium, chro- 
mium, and zirconium at the interface between the 
diamond grains and the alloy. 

7. A method for arranging hard abrasive grains for use 
in a CMP conditioner, comprising the steps of: 

positioning an arranging member in a thin plate 
form, provided with a plurality of regularly ar- 
ranged through-holes, on an abrasive grain ar- 
rangement surface; and 
placing a hard abrasive grain in each through- 
hole of the arranging member. 

8. The method according to claim 7, wherein the abra- 
sive grain arrangement surface is a surface of a 
support member for constituting the CMP condition- 
er. 
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9. A method for arranging hard abrasive grains for use 
in a CMP conditioner, comprising the steps of: 

holding a plurality of hard abrasive grains, in a 
regularly arranged state, on a holding member; 
and 

transferring the hard abrasive grains held on 
the holding member onto the surface of a sup- 
port member for constituting the CMP condi- 
tioner. 

10. The method according to claim 9, wherein said 
holding member has first bonding means for holding 
the hard abrasive grains and said support member 
has on its surface second bonding means which is 
different from said first bonding means in proper- 
ties. 

11. Aprocess for producing a CMP conditioner, com- 
prising the steps of : utilizing the method for arrang- 
ing hard abrasive grains for use in a CMP condition- 
er according to any one of claims 7 to 10 to arrange 
the hard abrasive grains on the surface of the sup- 
port member ; and then fixing the hard abrasive 
grains on the surface of the support member. 

12. A CMP conditioner comprising: a support member; 
and a plurality of hard abrasive grains provided on 
the surface of the support member, wherein 

said plurality of hard abrasive grains are ar- 
ranged on the surface of the support member reg- 
ularly and so as for the density of the hard abrasive 
grains to decrease from the inner side of the support 
member toward the outer side of the support mem- 
ber. 

1 3. The CMP conditioner according to claim 12, where- 
in said hard abrasive grains are arranged substan- 
tially radially from the center of the support member. 

14. A CMP conditioner comprising: a support member; 
and a plurality of hard abrasive grains provided on 
a surface of said support member, wherein 

regions, where said plurality of hard abrasive 
grains are absent, are provided substantially radi- 
ally on the surface of the support member. 

15. The CMP conditioner according to any one of 
claims 12 to 14, wherein said hard abrasive grains 
are diamond grains. 

1 6. The CMP conditioner according to claim 15, where- 
in said diamond grains have been brazed in a single 
layer to said support member, formed of a metal 
and/or an alloy, with an alloy containing 0.5 to 20% 
by weight of at least one member selected from the 
group consisting of titanium, chromium, and zirco- 
nium and having a meiting point of 650°C to 



1,200°C to form a layer of a carbide of a metal se- 
lected from the group consisting of titanium, chro- 
mium, and zirconium at the interface between the 
diamond grains and the alloy. 

5 

17. The CMP conditioner according to claim 16, where- 
in said alloy having a melting point of 650°C to 
1,200°C is a nickei-base alloy. 

10 18. A method for arranging hard abrasive grains for use 
in a CMP conditioner, comprising the steps of: 

positioning an arranging member in a thin plate 
form, provided with a plurality of through-holes 
15 arranged regularly and so as for the density of 

the through-holes to decrease from the inner 
side toward the outer side of the arranging 
member, on an abrasive grain arrangement 
surface; and 

20 placing a hard abrasive grain in each through- 

hole of the arranging member. 

19. A method for arranging hard abrasive grains for use 
in a CMP conditioner, comprising the steps of: 

25 

positioning an arranging member in a thin plate 
form, in which regions free from a plurality of 
through-holes are provided substantially radi- 
ally, on an abrasive grain arrangement surface; 
30 and 

placing a hard abrasive grain in each through- 
hole of the arranging member. 

20. The method according to claim 18 or 19, wherein 
35 the abrasive grain arrangement surface is a surface 

of a support member for constituting the CMP con- 
ditioner. 

21 . A method for arranging hard abrasive grains for use 
40 in a CMP conditioner, comprising the steps of: 

holding a plurality of hard abrasive grains, on a 
holding member, in such a state that the hard 
abrasive grains are arranged regularly and so 

45 as for the density of said hard abrasive grains 

to decrease from the innerside toward the outer 
side of the holding member; and 
transferring the hard abrasive grains held on 
the holding member onto the surface of a sup- 

50 port member for constituting the CMP condi- 

tioner. 

22. A method for arranging hard abrasive grains for use 
in a CMP conditioner, comprising the steps of: 

55 

holding apiurality of hard abrasive grains, on a 
holding member, in such a state that regions 
free from said plurality of hard abrasive grains 
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are provided substantially radially; and 
transferring the hard abrasive grains held on 
the holding member onto the surface of a sup- 
port member for constituting the CMP condi- 
tioner. 5 

23. The method according to claim 21 or 22, wherein 
said holding member has first bonding means for 
holding the hard abrasive grains and said support 
member has on its surface second bonding means 10 
which is different from said first bonding means in 
properties. 

24. A process for producing a CMP conditioner, com- 
prising the steps of : utilizing the method for arrang- is 
ing hard abrasive grains for use in a CMP condition- 
er according to any one of claims 1 8 to 23 to arrange 

the hard abrasive grains on the surface of the sup- 
port member; and then fixing the hard abrasive 
grains on the surface of the support member. 20 
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